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1
SEMICONDUCTOR DEVICE AND METHOD
FOR PRODUCING SAME

TECHNICAL FIELD

The present invention relates to a semiconductor device
and a method for producing the same.

BACKGROUND ART

It is conventional to employ semiconductor devices hav-
ing various laminated structures.

Patent literature article 1 (Japanese Patent Kokai 2001-
23984) discloses a method in which a stopper film and an
interlayer film are deposited, after which an IR loss reducing
film with an underlying film are deposited, then a trench
pattern or a via pattern is formed, and then a barrier film and
a seeding film are deposited, after which a Cu damascene
wiring line is formed.

PRIOR ART LITERATURE
Patent Literature

Patent literature article 1: Japanese Patent Kokai 2001-
23984

SUMMARY OF THE INVENTION
Problems to be Resolved by the Invention

An example in which a damascene process is applied
within an interlayer insulating film will be described as an
example of the problems in the prior art. FIG. 16 is an
enlarged view illustrating a via plug and a wiring line which
have been formed within an interlayer insulating film using
a damascene process from the prior art. In the prior art there
are provided an interlayer insulating film 17 comprising a
silicon dioxide film, and an interlayer insulating film 18 in
which a low dielectric-constant barrier film 18¢, comprising
a carbon-containing silicon nitride film (SiCN film), and an
insulating film 18a, comprising a silicon oxide film or a
carbon-containing silicon oxide film (SiOC film), are suc-
cessively laminated. Also, on the interlayer insulating film
18 is provided an interlayer insulating film 19 in which a low
dielectric-constant barrier film 19¢ comprising a carbon-
containing silicon nitride film (SiCN film), and a silicon
dioxide film or a carbon-containing silicon oxide film (SiOC
film) 19a are successively laminated. Then, a via plug 185
and a wiring line 184 are formed in the interlayer insulating
film 18, and a via plug 195 and a wiring line 194 are formed
in the interlayer insulating film 19. The via plug 185, the
wiring line 184, the via plug 195 and the wiring line 194 are
electrically connected.

In the semiconductor device in FIG. 16, the adhesion
between the SiCN film 18c¢ and the silicon dioxide film or
the SiOC film 18a in the interlayer insulating film 18 is low.
Similarly, the adhesion between the SiCN film 19¢ and the
silicon dioxide film or the SiOC film 19« in the interlayer
insulating film 19 is low. Thus if an assessment such as a
pressure cooker test or a highly accelerated temperature and
humidity stress test (test procedures, the objective of which
is to assess the moisture resistance of an electronic compo-
nent or the like sealed in resin) is performed, problems arise
in that peeling occurs at the interface between the SiCN
films 18¢, 19¢ and the silicon dioxide films or the SiOC films
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2

18a, 19a, resulting in a deterioration in the device charac-
teristics of the semiconductor device.

Means of Overcoming the Problems

One mode of embodiment relates to a semiconductor
device comprising:

an interlayer insulating film having, in this order, a
carbon-containing silicon nitride (SiCN) film, a first silicon
nitride film, and a silicon dioxide film or a carbon-containing
silicon oxide (SiOC) film.

Another mode of embodiment relates to a method of
manufacturing a semiconductor device, comprising:

a step of forming an interlayer insulating film having, in
this order, a carbon-containing silicon nitride (SiCN) film, a
first silicon nitride film, and a silicon dioxide film or a
carbon-containing silicon oxide (SiOC) film.

Advantages of the Invention

It is possible to prevent peeling of the films constituting
the interlayer insulating film, and to prevent a deterioration
in the device characteristics of the semiconductor device.

BRIEF EXPLANATION OF THE DRAWINGS

FIG. 1 is a cross-sectional view illustrating a first example
of a semiconductor device.

FIG. 2 is a cross-sectional view illustrating a method of
manufacturing the first example of a semiconductor device.

FIG. 3 is a cross-sectional view illustrating the method of
manufacturing the first example of a semiconductor device.

FIG. 4 is a cross-sectional view illustrating the method of
manufacturing the first example of a semiconductor device.

FIG. 5 is a cross-sectional view illustrating the method of
manufacturing the first example of a semiconductor device.

FIG. 6 is a cross-sectional view illustrating the method of
manufacturing the first example of a semiconductor device.

FIG. 7 is a cross-sectional view illustrating the method of
manufacturing the first example of a semiconductor device.

FIG. 8 is a cross-sectional view illustrating the method of
manufacturing the first example of a semiconductor device.

FIG. 9 is a cross-sectional view illustrating the method of
manufacturing the first example of a semiconductor device.

FIG. 10 is a cross-sectional view illustrating the method
of manufacturing the first example of a semiconductor
device.

FIG. 11 is a cross-sectional view illustrating the method
of manufacturing the first example of a semiconductor
device.

FIG. 12 is a cross-sectional view illustrating the method
of manufacturing the first example of a semiconductor
device.

FIG. 13 is a cross-sectional view illustrating a method of
manufacturing a second example of a semiconductor device.

FIG. 14 is a cross-sectional view illustrating the method
of manufacturing the second example of a semiconductor
device.

FIG. 15 is a cross-sectional view illustrating the second
example of a semiconductor device.

FIG. 16 is a cross-sectional view illustrating a conven-
tional semiconductor device.

FIG. 17 is a flowchart illustrating the methods of manu-
facturing the first and second examples of a semiconductor
device.

MODES OF EMBODYING THE INVENTION

One example of a semiconductor device according to the
present invention is provided with an interlayer insulating
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film having, in this order, a carbon-containing silicon nitride
(SiCN) film, a first silicon nitride film, and a silicon dioxide
film or a carbon-containing silicon oxide (SiOC) film. Thus
the interlayer insulating film has the first silicon nitride film
between the carbon-containing silicon nitride (SiCN) film
and the silicon dioxide film or the carbon-containing silicon
oxide (SiOC) film, and the adhesion between these films can
therefore be improved. Thus in an assessment such as a
pressure cooker test or a highly accelerated temperature and
humidity stress test (test procedures, the objective of which
is to assess the moisture resistance of an electronic compo-
nent or the like sealed in resin), peeling of the films
constituting the interlayer insulating film can be prevented.
As aresult, a deterioration in the device characteristics of the
semiconductor device can be prevented.

The interlayer insulating film may in addition have a
second silicon nitride film below the carbon-containing
silicon nitride (SiCN). In this case the interlayer insulating
film comprises the second silicon nitride film, the carbon-
containing silicon nitride (SiCN) film, the first silicon nitride
film, and the silicon dioxide film or the carbon-containing
silicon oxide (SiOC) film. By sandwiching the carbon-
containing silicon nitride (SiCN) film between the first and
second silicon nitride films in this way, peeling of the films
constituting the interlayer insulating film can be more effec-
tively prevented.

Further, a via plug, and a wiring line formed from the
same material as the via plug and provided in the interlayer
insulating film in such a way that it is in contact with the via
plug, may be provided in the interlayer insulating film.
Damascene processing may be mentioned by way of
example as a method of forming the via plug and the wiring
line from the same material. Copper is preferably used as the
material for the via plugs and the wiring lines.

In one example of a semiconductor device according to
the present invention, a plurality of interlayer insulating
films may be laminated such that they lie on top of each
other. In this case, the plurality of interlayer insulating films
are laminated consecutively, as a first interlayer insulating
film, a second interlayer insulating film, a third interlayer
insulating film . . ., an n interlayer insulating film. Further,
if via plugs and wiring lines are formed in each interlayer
insulating film, it is preferable for the via plugs and the
wiring lines formed in each interlayer insulating film to be
electrically connected to each other.

Preferred examples of the present invention will now be
described in detail with reference to the accompanying
drawings. It should be noted that these examples are specific
examples given to provide a more in-depth understanding of
the present invention, and that the present invention is not in
any way restricted to these specific examples.

Example 1

FIG. 1 is a cross-sectional view illustrating this example
of a semiconductor device. As illustrated in FIG. 1, in this
example of a semiconductor device an active region 1 is
demarcated within a semiconductor substrate 10 by being
surrounded by an element isolation region 15. A gate insu-
lating film 8, a gate electrode 7 and a cover insulating film
5 are successively laminated directly above a central portion
in the X-direction of the active region 1. The gate insulating
film 8 comprises a silicon dioxide film, a high dielectric-
constant film, or a laminated film comprising a silicon
dioxide film and a high dielectric-constant film. The side
surfaces of a laminated film comprising the gate electrode 7
and the cover insulating film 5, and the gate insulating film
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8, are covered using a side-wall insulating film 6. Source/
drain diffusion layers 12 are provided in sections of the
active region 1 sandwiching the gate electrode 7 from its left
and right sides. The active region 1, the source/drain diffu-
sion layers 12, the gate insulating film 8 and the gate
electrode 7 form one transistor Tr. Further, a first interlayer
insulating film 11 comprising a silicon dioxide film is
provided in such a way as to cover and embed the gate
electrode 7. Contacts 13 penetrating through the first inter-
layer insulating film 11 are connected to the upper surfaces
of the source/drain diffusion layers 12. Peripheral wiring
lines 14 are disposed in such a way as to be connected to the
upper surfaces of the contacts 13. A stopper film 16 and a
second interlayer insulating film 17 comprising a silicon
dioxide film are provided in such a way as to cover the
peripheral wiring lines 14.

Next, a carbon-containing silicon nitride film (SiCN film)
20c, which is a low dielectric-constant barrier film, is
provided in such a way as to cover the stopper film 16 and
the second interlayer insulating film 17. A first silicon nitride
film 2054, serving as a barrier film, and a silicon dioxide film
or a carbon-containing silicon oxide film (SiOC film) 20a
are further provided on the SiCN film 20c¢. The SiCN film
20c¢, the first silicon nitride film 205, and the silicon dioxide
film or the SiOC film 20a form a third interlayer insulating
film 20.

A first via plug 23a which penetrates through the stopper
film 16 and the second and third interlayer insulating films
17, 20 and is connected to the peripheral wiring line 14, and
a first wiring line 235 in contact with the first via plug 23a,
are provided. The first via plug 23« and the first wiring line
23b are formed from copper. As discussed hereinafter, the
first via plug 23a and the first wiring line 235 are formed by
damascene processing.

A carbon-containing silicon nitride film (SiCN film) 25c¢,
which is a low dielectric-constant barrier film, a first silicon
nitride film 255, which is a barrier film, and a silicon dioxide
film or a carbon-containing silicon oxide film (SiOC film)
25a are further provided in that order on the upper surfaces
of the third interlayer insulating film 20 and the first wiring
line 234. The SiCN film 25c¢, the first silicon nitride film 255,
and the silicon dioxide film or the SiOC film 25q form a
fourth interlayer insulating film 25.

A second via plug 28a which penetrates through the
fourth interlayer insulating film 25 and is connected to the
first wiring line 235, and a second wiring line 285 in contact
with the second via plug 28a, are provided. The second via
plug 28a and the second wiring line 285 are formed from
copper. As discussed hereinafter, the second via plug 28a
and the second wiring line 285 are formed by damascene
processing.

A protective insulating film 30 is further provided on the
upper surfaces of the fourth interlayer insulating film 25 and
the second wiring line 285.

In this example, by providing the first silicon nitride film
205 between the SiCN film 20c¢ and the silicon dioxide film
or the SiOC film 20a it is possible to improve the adhesion
between these films. Thus in an assessment such as a
pressure cooker test or a highly accelerated temperature and
humidity stress test (test procedures, the objective of which
is to assess the moisture resistance of an electronic compo-
nent or the like sealed in resin), peeling of the films
constituting the interlayer insulating film can be prevented.
As aresult, a deterioration in the device characteristics of the
semiconductor device can be prevented.

A method of manufacturing this example of a semicon-
ductor device will now be described with reference to FIGS.
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2 to 12 and FIG. 17A. FIGS. 2 to 12 are cross-sectional
views corresponding to FIG. 1, and FIG. 17A is a flowchart
illustrating this example of a manufacturing method. It
should be noted that the structures below the second inter-
layer insulating film 17 have been omitted from FIGS. 3 to
12.

First, as illustrated in FIG. 2, the semiconductor substrate
10 is prepared, and the element isolation region 15 is formed
within the semiconductor substrate 10 by a known method.
By this means, the active region 1 is formed within the
semiconductor substrate 10 in such a way that it is demar-
cated by the element isolation region 15. An insulating film,
a conductive film and a cover insulating film are formed
successively on the semiconductor substrate 10, after which
these films are successively patterned to form, respectively,
the gate insulating film 8, the gate electrode 7 and the cover
insulating film 5. An insulating film such as a silicon nitride
film is formed on the semiconductor substrate 10, after
which etching is performed. By this means, the side-wall
insulating film 6 is formed on the side surfaces of the gate
insulating film 8, the gate electrode 7 and the cover insu-
lating film 5.

The source/drain diffusion layers 12 are formed by
implanting impurities into the semiconductor substrate 10
using the cover insulating film 5 as a mask. The first
interlayer insulating film 11 is formed on the semiconductor
substrate 10 using a known method, after which it is
planarized until the cover insulating film 5 is exposed. Using
a known method, the contacts 13 are formed such that they
penetrate through the first interlayer insulating film 11 and
are connected to the source/drain diffusion layers 12. A
conductive film is formed on the first interlayer insulating
film 11, after which the conductive film is patterned to form
the peripheral wiring lines 14. Next, using a known method,
the stopper film 16 and the second interlayer insulating film
17 are formed successively on the first interlayer insulating
film 11 in such a way that they cover the peripheral wiring
lines 14.

As illustrated in FIG. 3, the SiCN film 20c¢, the first silicon
nitride film 205, and the silicon dioxide film or the SiOC film
20a are formed in that order, as the third interlayer insulating
film 20, on the second interlayer insulating film 17, using a
CVD method or the like.

As illustrated in FIG. 4, a photoresist 30a is formed on the
SiOC film 20a, after which a lithographic technique and a
dry etching technique are used to form a first via hole 22
which penetrates through the second and third interlayer
insulating films 17, 20 and the stopper film 16 (which is not
shown in the drawing) to expose the peripheral wiring line
14 (which is not shown in the drawing).

As illustrated in FIG. 5, a BARC film (antireflective film)
33 is applied over the entire surface such that it fills the first
via hole 22, after which etch-back is performed so that the
BARC film 33 remains only in the first via hole 22.

As illustrated in FIG. 6, a photoresist 305 is applied over
the third interlayer insulating film 20, after which a litho-
graphic technique and a dry etching technique are used to
open a first trench 21 for the first wiring line. When this dry
etching is performed, it is desirable for the BARC film 33 in
the first via hole 22 to have been completely removed when
the etching of the silicon dioxide film or the SiOC film 20a
to the depth of the first trench 21 has been completed. It
should be noted that if the BARC film 33 remains in the first
via hole 22 after the dry etching has been performed, the
BARC film 33 may be removed using etch-back.

As illustrated in FIG. 7, a copper film (Cu film) is
deposited over the entire surface such that it fills the first via
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6
hole 22 and the first trench 21. Next, the first via plug 23«
and the first wiring line 235 are formed by grinding the
copper film using CMP until the upper surface of the third
interlayer insulating film 20 is exposed. As described here-
inabove, the first via plug 23a and the first wiring line 235
are formed by damascene processing.

As illustrated in FI1G. 8, the SiCN film 25c¢, the first silicon
nitride film 255, and the silicon dioxide film or the SiOC film
25a are formed in that order, as the fourth interlayer insu-
lating film 25, on the third interlayer insulating film 20,
using a CVD method or the like.

As illustrated in FIG. 9, a photoresist 30c¢ is applied over
the fourth interlayer insulating film 25, after which a litho-
graphic technique and a dry etching technique are used to
form a second via hole 29 in the fourth interlayer insulating
film 25. At this time, the second via hole 29 is formed in such
a way that approximately 80 nm of the SiCN film 25¢
remains above the first wiring line 235. The reason for this
is that if the second via hole 29 is formed in such a way as
to expose the first wiring line 234, the surface of the first
wiring line 235 will oxidize, increasing its resistance, during
the period in which the second via plug and the second
wiring line are being formed in subsequent processes.

As illustrated in FIG. 10, the BARC film (antireflective
film) 33 is applied over the entire surface such that it fills the
second via hole 29, after which the BARC film 33 is etched
back so that the BARC film 33 remains only in the second
via hole 29.

As illustrated in FIG. 11, a photoresist 30d is applied, after
which a lithographic technique and a dry etching technique
are used to form a second trench 34 for the second wiring
line. When this dry etching is performed, it is desirable for
the BARC film 33 in the second via hole 29 to have been
completely removed when the etching of the silicon dioxide
film or the SiOC film 25a to the depth of the second trench
34 has been completed. It should be noted that if the BARC
film 33 remains in the second via hole 29 after the dry
etching has been performed, the BARC film 33 may be
removed using etch-back.

As illustrated in FIG. 12, a copper film (Cu film) is
deposited over the entire surface such that it fills the second
via hole 29 and the second trench 34. Next, the second via
plug 28a and the second wiring line 285 are formed by
grinding the copper film using CMP until the upper surface
of the fourth interlayer insulating film 25 is exposed. As
described hereinabove, the second via plug 28a and the
second wiring line 285 are formed by damascene process-
ing.

Finally, as illustrated in FIG. 1, the protective insulating
film 30 is deposited such that it covers the upper surface of
the second wiring line 285 and the surface of the fourth
interlayer insulating film 25, thereby completing this
example of a semiconductor device.

Example 2

FIG. 15 is a cross-sectional view illustrating this example
of a semiconductor device. This example differs from the
first example in that second silicon nitride films 20d, 254 are
additionally provided in the third and fourth interlayer
insulating films 20, 25 respectively. Other structures are the
same as in the first example, and thus detailed descriptions
of these structures are omitted hereinbelow.

In this example, by providing the silicon nitride films
(Si3N, films) 20d, 205, 25d, 25b respectively between the
second interlayer insulating film 17 and the SiCN film 20c,
between the SiCN film 20c¢ and the silicon dioxide film or
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the SiOC film 20a, between the silicon dioxide film or the
Si0C film 20a and the SiCN film 25¢, and between the SICN
film 25¢ and the silicon dioxide film or the SiOC film 254,
it is possible to improve the adhesion between these films
even more than in the first example. Thus in an assessment
such as a pressure cooker test or a highly accelerated
temperature and humidity stress test (test procedures, the
objective of which is to assess the moisture resistance of an
electronic component or the like sealed in resin), peeling of
the films constituting the interlayer insulating film can be
prevented more effectively. As a result, a deterioration in the
device characteristics of the semiconductor device can be
prevented.

A method of manufacturing this example of a semicon-
ductor device will now be described with reference to FIGS.
13 to 15 and FIG. 17B. FIGS. 13 and 14 are cross-sectional
views corresponding to FIG. 15, and FIG. 17B is a flowchart
illustrating this example of a manufacturing method. It
should be noted that the structures below the second inter-
layer insulating film 17 have been omitted from FIGS. 13
and 14.

The second interlayer insulating film 17 is formed using
the same method as in the first example.

As illustrated in FIG. 13, the second silicon nitride film
20d, the SiCN film 20c¢, the first silicon nitride film 2054, and
the silicon dioxide film or the SiOC film 204 are formed in
that order, as the third interlayer insulating film 20, using a
CVD method or the like.

As illustrated in FIG. 14, the damascene process in FIGS.
4 to 7 in the first example is carried out to form the first via
plug 23a and the first wiring line 235 in the first via hole 22
and the first trench 21 respectively. Then the second silicon
nitride film 254, the SiCN film 25¢, the first silicon nitride
film 255, and the silicon dioxide film or the SiOC film 25a
are formed in that order, as the fourth interlayer insulating
film 25, on the third interlayer insulating film 20, using a
CVD method or the like.

As illustrated in FIG. 15, the damascene process in FIGS.
9 to 12 in the first example is carried out to form the second
via plug 28a and the second wiring line 285 in the second via
hole 29 and the second trench 34 respectively. Then the
protective insulating film 30 is deposited such that it covers
the upper surface of the second wiring line 285 and the
surface of the fourth interlayer insulating film 25, thereby
completing this example of a semiconductor device.

In the abovementioned first and second examples,
descriptions were given of examples in which wiring lines
and via plugs which penetrate through the third and fourth
interlayer insulating films 20, 25 are formed in such a way
that they are connected to the source/drain diffusion layers
12 of the planar-type transistor. The planar-type transistor,
the via plugs and the wiring lines can for example be formed
in a peripheral circuit region of a semiconductor device
provided with a DRAM (Dynamic Random Access
Memory). A memory cell region of such a semiconductor
device can for example be formed together with the periph-
eral circuit region as described hereinbelow.

First an impurity is implanted into the memory cell
region. Then line-and-space patterned trenches are formed
in the memory cell region. By this means, impurity-im-
planted sections of the semiconductor substrate correspond-
ing to the space sections are formed as source/drain diffusion
layers. A gate insulating film, and an embedded gate elec-
trode which serves as a word line, are formed on the side
surfaces of the inner walls of the trench. An insulating film
for a gate insulating film is then formed on the peripheral
circuit region. Next, a conductive film and a cover insulating
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film are formed on the memory cell region and the peripheral
circuit region. By patterning the insulating film for the gate
insulating film, the conductive film and the cover insulating
film, a bit line is formed in such a way that it comes into
contact with one of the source/drain diffusion layers in the
memory cell region, and the gate insulating film 8, the gate
electrode 7 and the cover insulating film 5 are formed in the
central portion of the active region 1 of the peripheral circuit
region. Then the side-wall insulating film 6 is formed on
both side surfaces of the gate electrode and the like of the
peripheral circuit region, and the bit line of the memory cell
region.

The first interlayer insulating film 11 is formed on the
memory cell region and the peripheral circuit region, after
which a capacitative contact is formed such that it comes
into contact with the other source/drain diffusion layer in the
memory cell region, and the contacts 13 are formed such that
they come into contact with the source/drain diffusion layers
12 in the peripheral circuit region. A contact pad is formed
such that it comes into contact with the contact in the
memory cell region, and the peripheral wiring lines 14 are
formed such that they come into contact with the contacts 13
in the peripheral circuit region. The contact pad and the
peripheral wiring lines 14 may be formed in the same
process, or they may each be formed in separate processes.

The second, third and fourth interlayer insulating films 17,
20, 25 and the protective insulating film 30 are then formed
successively on the memory cell region and the peripheral
circuit region. Further, in the course of forming these films,
a capacitor connected to the contact pad is formed in the
memory cell region. Further, as described in the abovemen-
tioned first and second examples, the first via plug 23a, the
first wiring line 235, the second via plug 28« and the second
wiring line 284 are formed in the peripheral circuit region.

Further, the structures illustrated in the abovementioned
first and second examples may for example form part of the
structure of a flash memory or a logic circuit or the like.

The abovementioned first and second examples employ a
single-damascene method in which the via holes and the
trenches are formed in the third and fourth interlayer insu-
lating films 20, 25 in separate processes. However, it is also
possible to employ a dual-damascene method in which a via
hole and a trench are formed in a single process.

It should be noted that the abovementioned first and
second examples describe examples in which the first via
plug 23a, the first wiring line 234, the second via plug 28a
and the second wiring line 285 are formed in the third and
fourth interlayer insulating films 20, 25. However, the
semiconductor device of the present invention may have
three or more interlayer insulating films such as the third and
fourth interlayer insulating films 20, 25, and three or more
via plugs which penetrate through the interlayer insulating
films and three or more wiring lines may be formed. Further,
there may be one interlayer insulating film, and one via plug
which penetrates through the interlayer insulating film and
one wiring line may be formed.

EXPLANATION OF THE REFERENCE
NUMBERS

1 Active region

5 Cover insulating film

6 Side-wall insulating film

7 Gate electrode

8 Gate insulating film

10 Semiconductor substrate

11 First interlayer insulating film
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12 Source/drain diffusion layer

13 Contact

14 Peripheral wiring line

15 Element isolation region

14 Peripheral wiring line

16 Stopper film

17 Second interlayer insulating film

18, 19 Interlayer insulating film

18a, 194 Silicon dioxide film or carbon-containing silicon
oxide film (SiOC film)

185, 1956 Via plug

18¢, 19¢ Carbon-containing silicon nitride film (SiCN film)

184, 194 Wiring line

20 Third interlayer insulating film

20a, 25a Silicon dioxide film or carbon-containing silicon
oxide film (SiOC film)

2054, 25b First silicon nitride film

20c¢, 25¢ Carbon-containing silicon nitride film (SiCN film)

20d, 25d Second silicon nitride film

21 First trench

22 First via hole

23a First via plug

23b First wiring line

25 Fourth interlayer insulating film

28a Second via plug

28b Second wiring line

29 Second via hole

30 Protective insulating film

30a, 305, 30c, 30d Photoresist

33 BARC film (antireflective film)

34 Second trench

Tr Transistor

The invention claimed is:

1. A semiconductor device comprising:

an interlayer insulating film having, in this order, a

carbon-containing silicon nitride (SiCN) film, a first
silicon nitride film, and a silicon dioxide film or a
carbon-containing silicon oxide (SiOC) film;

a via plug provided in the interlayer insulating film; and

a wiring provided in the interlayer insulating film such

that the wiring line is in contact with the via plug.

2. The semiconductor device as claimed in claim 1,
wherein the interlayer insulating film has, in this order, a
second silicon nitride film, a carbon-containing silicon
nitride (SiCN) film, a first silicon nitride film, and a silicon
dioxide film or a carbon-containing silicon oxide (SiOC)
film.
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3. The semiconductor device as claimed in claim 1,
wherein the wiring line formed from a same material as the
via plug.

4. The semiconductor device as claimed in claim 3,
wherein a plurality of the interlayer insulating films are
laminated such that they lie on top of each other, the via
plugs and wiring lines are provided in each of the interlayer
insulating films, and the via plugs and wiring lines provided
in each of the interlayer insulating films are electrically
connected to each other.

5. The semiconductor device as claimed in claim 3,
wherein the via plugs and wiring lines are formed from
coppet.

6. A method of manufacturing a semiconductor device,
comprising:

forming an interlayer insulating film having, in this order,

a carbon-containing silicon nitride (SiCN) film, a first
silicon nitride film, and a silicon dioxide film or a
carbon-containing silicon oxide (SiOC) film;

forming a via hole and a trench communicating with the

via hole in the interlayer insulating film; and

forming a via plug and a wiring line in the via hole and

trench, respectively.

7. The method of manufacturing a semiconductor device
as claimed in claim 6, further comprising forming the
interlayer insulating film having, in this order, a second
silicon nitride film, a carbon-containing silicon nitride
(SiCN) film, a first silicon nitride film, and a silicon dioxide
film or a carbon-containing silicon oxide (SiOC) film.

8. The method of manufacturing a semiconductor device
as claimed in claim 6, wherein the via plug and the wiring
line are formed by filling the via hole and trench with the
same conductive material.

9. The method of manufacturing a semiconductor device
as claimed in claim 8, wherein a cycle comprising the
following (1) to (3) is repeated a plurality of times: (1)
forming the interlayer insulating film, (2) forming the via
hole and trench, (3) forming the via plug and wiring line,
and, in the (3) in each cycle, the via plugs and wiring lines
are formed such that the via plugs and wiring lines in each
of'the interlayer insulating films are electrically connected to
each other.

10. The method of manufacturing a semiconductor device
as claimed in claim 8, wherein the conductive material
comprises copper.



